The genus Bacillus contains Gram-positive, aerobic or facultatively anaerobic bacteria that are able to produce bacterial endospores. Members are considered ubiquitous because they have been isolated from a wide variety of aquatic and terrestrial environments, ranging from sewage sludge (Demharter & Hensel, 1989) , ocean sediments (Rüger et al., 2000) and saline water (Smibert & Krieg, 1994) to desert soils (Roberts et al., 1994) .
Gram-positive bacterial endospore formers with the ability to grow at acidic pH values and which possess v-alicyclic fatty acids are placed in the genus Alicyclobacillus. The pH growth range varies with species, from 2-6 to 3?0-5?5 (Wisotzkey et al., 1992) . Members of the genus Bacillus that are reported to have the ability to grow at acidic pH values (<4?6) are Bacillus coagulans, Bacillus licheniformis, Bacillus pumilus and Bacillus subtilis (Hanlin, 1998) .
In this paper, we report the isolation of an aerobic, mesophilic, endospore-forming organism that grows at pH values from 3?5 to 7?0. On the basis of phenotypic characteristics, chemotaxonomic data and genotypic data, the isolate is a previously undescribed species of the genus Bacillus and we propose the name Bacillus acidicola sp. nov.
Soil and water samples were collected from acidic peat bogs near Necedah, WI, USA. Diluted soil samples and water samples were heat-shocked at 80 u C for 20 min. Each heat-shocked sample (0?5 ml) was added to 10 ml platecount broth (Difco) adjusted to pH 4?5 by using a citrate/ phosphate buffer (0?05 M citrate/0?1 M Na 2 HPO 4 ) (Breznak & Costilow, 1994) . Inoculated flasks were incubated at 32 or 37 uC with shaking aeration. After 24 h incubation, 0?100 ml culture liquid was transferred to 10 ml plate-count broth at pH 4?5 and incubated at 32 or 37 uC with shaking aeration. After 48 h incubation, samples were streaked onto plate-count agar (PCA; Difco) that had been adjusted to a pH of 4?5 by using citrate/phosphate buffer. Plates were incubated at 37 uC for 48 h. Cultures were purified by subculturing. Three strains, designated 105-2 T , 105-9 and 102-2, were isolated from different acidic Sphagnum peat-bog samples. Because the isolates grew best at acidic pH values, standard tests for the characterization of members of the genus Bacillus were modified as described below. In addition, it was observed that growth of this organism was improved in the presence of 10-25 % soil extract. Thus, most test media were supplemented with soil extract to enhance growth. The soil extract was prepared as described by Gordon et al. (1973) . The base medium (plate-count broth) for the determination of the temperature growth range, growth at various NaCl concentrations and the pH growth profile was as follows: tryptone (Difco), 5?0 g l
21
; yeast extract (Difco), 2?5 g l
; Dglucose (Sigma), 1?0 g l
; and, where used, agar (Difco), 1?5 g l
. The base formulation was often supplemented with 10-25 % soil extract. A citrate/phosphate buffer (Breznak & Costilow, 1994 ) was used to control or adjust the pH. All tests were incubated at 37 u C, except for the temperature-profile experiments. For all tests performed in liquid, a visual increase in turbidity was assumed to indicate growth.
For phenotypic characterizations, strains 105-2 T , 105-9 and 102-2 were grown for 24-48 h on acidic PCA or standard PCA, which was used to prepare a heavy cell suspension in citrate/phosphate buffer (pH 4?7-5?0). Tests in liquid media were then inoculated with one to three drops of cell suspension, whereas tests performed on solid media were streaked from the cell suspension. Growth at 2, 5, 7 and 10 % (w/w) NaCl was determined in the base medium supplemented with soil extract (pH 4?5) under aerated conditions for 1-3 days. To determine the pH range for growth, the base medium was prepared in citrate/phosphate buffer for pH values from 4?25 to 6?5. At pH values of 4?0 and below, the base medium was buffered with NaH 2 PO 4 (0?1 M) and supplemented with 10 % soil extract. The pH of the test medium was confirmed after autoclaving. Tubes were incubated for 24-72 h. At pH values greater than 6?5, it was observed that phosphate was inhibitory. Therefore, at pH values greater than 6?5, a non-phosphate-buffered agarbased medium supplemented with 10 % soil extract was used. The pH was adjusted with HCl or NaOH prior to autoclaving. After autoclaving, the pH was rechecked and recorded as the pH of the growth medium. Plates were examined visually for growth after 72 h incubation.
Motility was tested in base medium (pH 4?5) containing 0?4 % agar (Holt & Krieg, 1994) and incubated for 24-48 h.
The temperature range for growth was tested in base medium (pH 4?5) supplemented with soil extract to 10 %. Tubes were incubated for up to 10 days.
Utilization of carbohydrates was determined by using procedures described by Gordon et al. (1973) , with modifications. The modifications included the addition of sterile MgSO 4 .7H 2 O, after autoclaving, from a 100-foldconcentrated solution, adjusting the initial pH to 6?1-6?3, and adding agar and yeast extract to 1?5 and 0?05 %, respectively. Plates were incubated for up to 7 days. The presence of growth and a pH change (indicated by a colour change, from purple to yellow, of the pH indicator bromcresol purple) was used to detect acid production from the substrate.
Indole production and gelatin hydrolysis were determined by using the method of Smibert & Krieg (1994) , except for the yeast-extract (0?05 %) and soil-extract (25 %) supplementation. The indole test was performed by using Kovács' indole reagent (BBL) after 4 days incubation, whereas the gelatin-hydrolysis test was performed after 7 and 10 days aerated incubation. Casein hydrolysis was determined by the procedure of Smibert & Krieg (1994) , except that the medium was acidified by using a citrate/phosphate buffer.
Lysine decarboxylase and phenylalanine deaminase activities were determined by using the method of Gordon et al. (1973) , except that the medium pH was adjusted to 5?8 and 5?2 and supplemented with 20 and 25 % soil extract, respectively. Examinations were made periodically during 7 days incubation. Utilization of citrate and propionate was determined according to Gordon et al. (1973) , with modifications. Yeast extract and soil extract were added (to 0?05 and 20 %, respectively) to the propionate medium, whereas yeast extract only (0?05 %) was added to the citrate medium. The initial pH values of the citrate and propionate media were adjusted to 5?5 and 5?6, respectively. Citrate utilization was observed after 1 and 2 days incubation, whilst propionate utilization was examined after 4 days incubation.
Nitrate reduction was examined according to the method of Gordon et al. (1973) , with modifications. Yeast extract was added to 0?05 %, soil extract was added to 25 % and the initial pH was adjusted to 5?0. Analysis was performed after 4 days incubation.
Catalase and oxidase tests were performed by using 24 h cultures grown on acidified PCA (pH 4?5) supplemented with soil extract (to 20 %). The catalase test was performed by placing a small amount of the culture on a slide and adding 3 % H 2 O 2 . The presence of gas bubbles indicated a positive reaction. The oxidase test was performed by using an Oxy-Swab (Remel), according to the manufacturer's recommendations except that the micro-organism was grown on acidified PCA. Gram stains were performed on the same cultures. The Voges-Proskauer reaction was performed by using the procedure described by Gordon et al. (1973) , except that there was supplementation with yeast extract (0?05 %) and soil extract (20-25 %) at an initial pH of 4?7-4?8. The test was performed in 150618 mm screw-cap test tubes (5 ml per tube) and read after 1, 3 and 7 days.
Respiratory lipoquinones and polar lipids were extracted from freeze-dried cell material (100 mg) by using a twostage method (Tindall, 1990a, b) . Respiratory lipoquinones were separated by TLC as described previously (Tindall, 1990a) ; UV-absorbing bands corresponding to menaquinones or ubiquinones were removed from the plate and further analysed by reversed-phase HPLC. Polar lipids were separated by two-dimensional silica-gel TLC as described previously (Tindall, 1990a) : total lipid material and specific functional groups were detected by using dodecamolybdophosphoric acid (total lipids), Zinzadze reagent (phosphate) (Tindall, 1990a) , ninhydrin (free amino groups), the periodic acid-Schiff reaction (a-glycols), Dragendorff's (quaternary nitrogen) (Tindall, 1990a) and anisaldehyde/ sulphuric acid (glycolipids), as described previously (Tindall, 1990a, b) .
The cellular fatty acid profile was determined by using a modified procedure because strains 105-2 T , 105-9 and 102-2 did not grow in standard growth conditions [tryptic soy broth agar (Difco) at 37 u C for 24 h]. Thus, the strains were grown on tryptic soy broth agar prepared by using KH 2 PO 4 (pH 6?2). After growth, bacteria were saponified and the liberated fatty acids were methylated and analysed by capillary GC (Hewlett Packard model 5890A GC) by the Sherlock system (MIDI), according to the manufacturer's instructions.
Genomic DNA was prepared according to the method of Marmur (1961) . The G+C content was analysed by hydrolysis of DNA to nucleosides and was quantified by HPLC using the method of Peña et al. (2005) Groth et al., 1996) . DNA-DNA hybridization experiments were carried out by using a microtitre-plate non-radioactive method (Ziemke et al., 1998) .
The isolation of DNA and generation of PCR products for 16S rRNA were performed by using the MicroSeq full-gene protocol, which uses dRhodamine-labelled dye terminators yielding double-stranded sequence data. MicroSeq (Applied Biosystems) contains a PCR and sequencing module, bacterial identification and analysis software and a 16S rRNA gene sequence library. Bacterial genomic DNA isolation and PCR amplification of the 1548 bp of the 16S rRNA gene were performed according to the manufacturer's instructions. Double-stranded sequence analysis of the first 1548 bp was completed by using an ABI Prism 377 or 3100 Avant genetic analyser (Applied Biosystems). Sequencing reactions were run on a 4?5 % Long Ranger (FMC BioProducts) and a 33 % urea electrophoresis gel by using an ABI Prism 377 sequencer (Applied Biosystems). DNA sequence data were analysed and assembled with AutoAssembler software (Applied Biosystems). Bacterial identification based on 16S rRNA gene sequence data were assigned by using MicroSeq microbial identification and analysis software (Applied Biosystems).
Complete 16S rRNA gene sequences were compared initially with reference sequences in GenBank (http://www.ncbi. nlm.nih.gov) by using BLAST (Altschul et al., 1997) . New 16S rRNA gene sequences were then added to an alignment of about 50 000 homologous bacterial 16S rRNA primary structures as implemented in the ARB software package, and corresponding to the released database available at http://www.arb-home.de (Ludwig et al., 2004) . Phylogenetic analyses were performed by the use of different datasets and by the use of the three different algorithms -neighbour joining, maximum parsimony and maximum likelihood -as implemented in the ARB software package. Finally, a consensus tree was achieved after evaluation of the resulting trees when using different algorithms and datasets as recommended by Ludwig et al. (1998) .
Three strains, designated 105-2 T , 105-9 and 102-2, were isolated from different acidic Sphagnum peat bog samples collected near Necedah, WI, USA. All strains were catalasepositive, oxidase-negative, Gram-positive, endosporeforming rods.
The cell shape of the type strain, 105-2 T , was affected significantly by culture conditions. On solid medium (acidified PCA supplemented with soil extract) after 24 h incubation, cells were rod-shaped [see Supplementary Fig. S1(a) , available in IJSEM Online]. In liquid medium (acidified platecount broth supplemented with soil extract) under aerated conditions, cells displayed filamentous cellular morphology after 24 h growth [see Supplementary Fig. S1(b) ]. Ellipsoidal endospores were located centrally in swollen sporangia [see Supplementary Fig. S1(c) ]. Colony size was highly variable. After 48 h growth on PCA at 37 uC, the diameters of colonies of strain 105-2 T ranged between 0?6 and 2?1 mm. The colony diameter of strain 102-2, grown under the same conditions, ranged from 0?6 to 5?2 mm (see Supplementary  Fig. S2 , available in IJSEM Online).
The results based on the full 16S rRNA gene sequence showed that strain 105-2 T is related to Bacillus oleronius DSM 9356 T and Bacillus sporothermodurans DSM 10599 T (Fig. 1) The DNA G+C contents of strains 105-2 T , 105-9 and 102-2 were 43?2, 43?2 and 42?3 mol%, respectively.
The polar lipids of strains 105-2 T , 105-9 and 102-2 were essentially similar, showing only slight quantitative differences; the polar lipid pattern for strain 105-2 T is available as Supplementary Fig. S3 in IJSEM Online. Three major phospholipids and a single glycolipid were present. A number of minor components were also detected, but they could not be identified unambiguously. Very little work has been published in the past few decades on the polar lipid composition of bacilli, which makes it difficult to put the present work into perspective. The most comprehensive review of the literature is by O' Leary & Wilkinson (1988) .
The cellular fatty acid profiles of the three strains are presented in Table 2 . Three fatty acids, 15 : 0 iso, 15 : 0 anteiso and 17 : 0 anteiso, were the most common cellular fatty acids, comprising approximately 90 % of the cellular fatty acids extracted. Branched fatty acids, 14-to 17-carbon iso and anteiso series, are typically the major fatty acids found in Bacillus cell membranes (Kämpfer, 1994; Kaneda, 1977) . Whilst the fatty acids alone do not give good differentiation within the bacilli, some major groups may be discerned. However, taken alone, these do not always provide unambiguous differentiation to genus level.
The major lipoquinone present in strains 105-2 T and 105-9 was MK-7. Strain 102-2 was unusual in that it produced almost equal amounts of MK-7, MK-6, MK-5, MK-4 and MK-3, indicating that the regulation of the biosynthesis of the isoprenoid side chain may be defective.
Given the sparse amount of data on the chemical composition of bacilli, the significance of the present data cannot be evaluated fully. Comparison of the lipid patterns with those of members of the genera Gracilibacillus and Salibacillus published by Wainø et al. (1999) reveals clear differences. In other cases, the R f values of polar lipids reported in the literature cannot be compared directly, although it is evident that there is a significant degree of chemical diversity within this group of organisms, which were previously classified predominantly on the basis of morphological criteria.
On the basis of all the data obtained, we conclude that strains 105-2 T , 105-9 and 102-2 belong to a novel mesophilic, acidophilic Bacillus species, for which the name Bacillus acidicola sp. nov. is proposed. Fig. 1 . 16S rRNA gene sequence phylogenetic reconstruction, based on a neighbour-joining algorithm, showing the affiliation of B. acidicola to its closest relatives. The tree topology was reconstructed by comparing the results of several treeing approaches based on neighbour-joining, maximum-parsimony and maximum-likelihood algorithms with different datasets, as implemented in the ARB software package (Ludwig et al., 2004) . The tree topology has also been examined by using alignment masks that allow only conserved homologous positions for its calculation. In all cases, topologies were identical, so neither multifurcation (Ludwig et al., 1998) nor bootstrapping was necessary. Bar, 2 % sequence dissimilarity.
Description of Bacillus acidicola sp. nov.
Bacillus acidicola (a.ci.di9co.la. N.L. n. acidum an acid; L. suff. -cola an inhabitant of a place, a resident; N.L. masc. n. acidicola an inhabitant of acidic environments).
Cells are rod-shaped, 3?1-5?9 mm in length and 1?0-1?6 mm wide and occur singly or in chains. In liquid culture, cells can form filamentous rods that are 1?0-1?3 mm wide. Colonies on PCA after 48 h incubation are 0?6-2?1 mm in diameter. Colonies are smooth, shiny, circular and entire with a slight yellow tint. The temperature and pH ranges for growth are 15-45 u C and 3?5-7?0, respectively. Cells are Gram-positive. Other characteristics are listed in Table 1 . The cellular fatty acids are listed in Table 2 . The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine. A single glycolipid is also detected. MK-7 is the primary lipoquinone of strains 105-2 T and 105-9. Strain 102-2 produces almost equal amounts of MK-7, MK-6, MK-5, MK-4 and MK-3. The DNA G+C content for strains 105-2 T and 105-9 is 43?2 mol%, whilst that for strain 102-2 is 42?3 mol%.
The organism was isolated from acidic Sphagnum peat bogs in Wisconsin, USA. The type strain is 105-2 T (=DSM 14745
T =ATCC BAA-366 T =NRRL B-23453 T ). 
